~/ Although subdural empyema (SDE) has long been a recognized postoperative complication, little has been written to suggest that SDE's following operative procedures are different from those occurring in patients who have not had previous surgery. Four cases of postoperative SDE are reported which seem to have several distinguishing features and are grouped under the title of "subacute" subdural empyemas. These include: occurrence in a previous craniotomy site, a prolonged course, the insidious onset of symptoms, and the absence of signs of constitutional illness. The presence of an inner subdural membrane which limits the size of the empyema and separates it from the underlying brain is thought to be the reason for the relatively benign nature of the presenting symptoms and the extremely good prognosis. Computerized tomography scanning was not able to provide a preoperative diagnosis of empyema in any case.
S
UBDURAL empyema (SDE) has been a well recognized, well described clinical entity for close to a century. Almost 40 years ago, Kubik and Adams 14 and Courville 7 described in separate publications a constellation of symptoms still regarded as the hallmarks of this disease; fever, severe headache, stiff neck, altered level of consciousness, seizures, and focal neurological deficits with rapid deterioration. Perhaps the most striking feature, and the one most often cited as a point of differentiation between these cases and other intracranial suppurative processes, is the picture of acute constitutional illness manifested by these patients. According to all series, the commonest causes of SDE are pansinusitis and otogenic infection. Other predisposing factors such as trauma, meningitis, scalp infection, pulmonary infection, and congenital heart anomalies are also mentioned but occur infrequently.
Although many authors mention that SDE may follow neurosurgical procedures, 3,6,1a,14A7 the actual number of reported cases illustrating this point is small. Kaufman, et al., n have reported the highest postoperative occurrence rate (four out of 17 SDE's occurring postoperatively over a 7-year period), but most other studies report many fewer cases. Of 415 reported cases of SDE, only 18 are causally related to a prior operative procedure (Table 1) . Documentation in most studies is poor (often the type of operation originally performed is not specifie~), but the most common procedure cited was previous evacuation of a subdural hematoma. As a complication of uncontaminated neurosurgical procedures, SDE is rare. In a review of 2148 clean intracranial operations at the Massachusetts General Hospital from 1952 to 1963, Wright 22 reported an infection rate of 5.7%, not one of which was identified as an SDE. Balch, 2 in a 6-year study of 1767 clean neurosurgical procedures at UCLA, reported only two SDE's from a total of 54 postoperative infections.
We report four cases of SDE, all of which occurred following intracranlal procedures. Three followed evacuation of subacute or chronic subdural hematoma and one followed a cranioplasty and shunting procedure. Of interest is the long duration between the surgery and the onset of symptoms, the benign nature of the presenting complaints, and the 100% survival rate.
Case Reports

Case 1
This 86-year-old right-handed man was admitted with a history of increasing confusion over several weeks. Three years prior to admission, he had undergone a craniotomy for evacuation of a right-sided subdural hematoma. On admission, he was awake Fig. 1 left) . A flap was turned and a chronic left frontotemporal subdural hematoma was drained. A thick inner subdural membrane was left intact and the bone flap removed. Postoperatively, the patient did well and remained afebrile. Two weeks after the operation, a 2-cm excoriated area was noted over the incision where the patient had picked at it. This healed with daily Betadine washings after several days.
Nine weeks after operation, the patient had a single temperature elevation to 37.8~ no cause was identified. Three days later, he became increasingly confused and incontinent, and had garbled speech. He was afebrile and denied headache. A repeat CT scan ( Fig. 1 right) showed a small recurrent subdural fluid collection with an enhancing membrane in the operative site, and mild hydrocephalus. A diagnosis of recurrent subdural hematoma was made, but at operation 30 cc of frank pus was encountered and drained. Gram stain showed Gram-positive cocci and polymorphonuclear leukocytes. The patient was started on oxacillin, tobramycin, and chloramphenicol. Cultures grew Staphylococcus aureus, and the antibiotics were replaced by intravenous nafcillin for 3 weeks. The patient remained afebrile, and was discharged home neurologically intact.
Case 2
This 56-year-old man, a known sporadic excessive drinker, underwent craniotomy for evacuation of a subdural hematoma. (Fig. 2 left) . One month later, he re-entered the hospital with complaints of difficulty in walking because of a "rubbery" feeling in his legs. He denied headache or fever. On examination he was afebrile and intoxicated, but awake and alert, and had marked dysphasia and a right hemiparesis. The craniotomy site was well healed. A C T scan ( Fig. 2 center  and right) showed a left subdural fluid collection in the old operative site, which was diagnosed as recurrent subdural hematoma. At operation, purulent material was noted to be coming from one burr hole and was removed along with liquified blood from the subdural space. Three of five operative cultures grew 
Case 3
This 64-year-old right-handed man was readmitted 5 weeks after craniotomy for evacuation of a subacute left parietal subdural hematoma (Fig. 3 left) , with symptoms of fever and diffuse, aching chest pain. His wife reported that he had a temperature of 39.7~ and had suffered a possible seizure the night before admission. Immediately following his previous surgery, he had had several days of fever as high as 40~ which stopped when Dilantin (phenytoin) was discontinued. On examination, he was awake, alert, afebrile, and in no acute distress, although he complained of some mild bitemporal headache. The craniotomy site was well healed and there was no neck stiffness. He had a right central facial weakness and mild expressive and receptive dysphasia which were residual deficits from his prior illness. Skull x-ray films showed no evidence of osteomyelitis. Cerebrospinal fluid analysis revealed 100 white blood cells (WBC's) with 80% lymphocytes, a glucose level of 58 rag/100 ml, and a protein value of 102 mg/100 ml. A C T scan (Fig. 3  right) showed a very small extracerebral fluid collection at the operative site without mass effect. The patient was taken to the operating room because of the suspicion of SDE, and explored through the old operative site. No frankly purulent material was seen; however, there was some soft, necrotic, friable tissue in the subdural space. The dura was left open, and the wound was irrigated with bacitracin for 2 days via Jackson-Pratt draining tubes. The patient was given penicillin, gentamicin, and chloramphenicol for 5 days, and then oral dicloxacillin. Initially, the operative cultures were negative, but 2 weeks later five of five cultures grew diphtheroid organisms sensitive to penicillin, and a 6-week course of oral penicillin was instituted. The patient was discharged with a minimal right central facial weakness. There was no recurrence of seizures or fever.
Case 4
This 34-year-old right-handed man had undergone resection of a left parietal arteriovenous malformation 8 years prior to his current admission. His course was complicated by meningitis and hydrocephalus requiring the placement of a ventriculoperitoneal shunt 8 months after his original surgery. He did well except for a seizure disorder.
The present hospital admission was prompted by worsening dysphasia, intractable hiccups, and fullness over the old operative site. He stated that for the previous year there had been intermittent swelling over the craniotomy site which had always resolved spontaneously. On examination, he was afebrile, awake, alert, markedly dysphasic, and in no acute distress. His residual right spastic hemiplegia was evident. On palpation, his cranial plate seemed loose, but there was no swelling or fluctuation. Skull x-ray films showed no osteomyelitis. ACT scan revealed a subdural fluid collection with a small bubble of air in the anteriormost portion of the old operative defect and a 4 mm left-to-right shift. The presence of an empyema was suspected because of the presence of air in the cranial vault. At operation, purulent fluid escaped as the skin was opened. Pus was drained from the subdural space. Gram stain showed many WBC's but no organisms. The cranial plate was removed, and two subgaleal Jackson-Pratt draining tubes were placed for 2 days of bacitracin irrigation. The patient was put on a course of oxacillin, tobramycin, and chloramphenicol. The operative cultures grew Staphylococcus epidermidis sensitive to chloramphenicol and tobramycin, which were continued. Postoperatively, the patient did well. After 6 weeks he was discharged with improved speech but with a persistent right spastic hemiplegia and a seizure disorder.
Discussion
These cases are noteworthy for a number of reasons. First, there was a considerable time lag between the initial surgery and the appearance of new symptoms, the shortest time interval being 5 weeks (Case 2), the longest being more than 1 year (Case 4). This takes these cases out of the realm of acute postoperative wound infection, but the occurrence of infection in the old operative sites strongly implicates the prior surgery as the causative agent. In addition, these infections occurred in the absence of osteomyelitis. Two patients did not have bone flaps at the time of diagnosis, and there was no radiological evidence of bone involvement in the other two.
Second, these patients were not acutely ill. There was a history of fever in only one patient (Case 3), and in none was there a history of severe headache or stiff neck. A seizure occurred in the one patient with fever, but not in the other three. One patient (Case 4) had seizures stemming from his initial procedure, but there was no history of increasing frequency of attacks prior to his last admission. The four cases presented here seem to exhibit a constellation of symptoms that distinguish them from other reported cases of SDE; the symptoms include prior craniotomy; a prolonged, indolent course prior to diagnosis; the insidious onset of symptoms; and the absence of systemic illness.
Although some authors refer to SDE as being a possible postoperative complication, 3'6'11 '13'14'16'17'21 very few cases are actually reported. In a recent article, Luken and Whelan TM presented six cases of SDE, two of which had mild presenting symptoms and followed the evacuation of subdural hematomas. Both of these patients, however, had signs of local wound infection: low-grade fever, fluctuation over the operative site, and erythema; our patients lacked even these clinical findings. These authors, along with several others, TM have described two types of SDE; an acute collection of pus without a limiting membrane, and a collection of pus surrounded by a thick membrane. In the first two studies, there was no difference of presentation between these two types of SDE. It is of interest that in three of our cases, the inner subdural membrane was left intact at the first operation. These three patients exhibited relatively benign courses. In Case 3 there was no subdural membrane, and this man had the most acute onset of symptoms and was moderately ill at the time of admission. It seems reasonable to speculate that the inner subdural membrane seen in the other three cases probably contained the purulent collection in an enclosed space separate from the brain surface, thereby minimizing the symptoms. This is the same reasoning used by Luken and Whelan. TM Another factor contributing to the relatively benign presentation of these cases is the nature of the infectious agent. Other authors 6,n,2~ have noted that, whereas anaerobic and aerobic Streptococci are the most common organisms responsible for SDE, Staphylococcus is the most frequent agent cultured from postoperative cases. Our experience supports this observation in that Staphylococcus was cultured in three cases ( S. epidermidis in two and S. aureus in one) and diphtheroids in one. Both Staphylococcus and diptheroids are normal skin contaminants and are generally regarded as nonpathogenic. It is not surprising that infection caused by these organisms occurs in the postoperative setting, and is characterized by a slow, subtle course.
Third, only one of these cases was diagnosed as infection preoperatively. The CT scans showed fluid collections but in only one instance was subdural empyema part of the radiological differential diagnosis (in Case 3, the diagnosis of subdural empyema was entertained on clinical grounds alone, not because of the CT appearance). Thus, while CT scanning can aid in the localization of intracranial fluid collections, it does not always allow for a specific diagnosis to be made.
All of our patients survived and returned to their preoperative state except for one who had a mild residual hemiparesis (Case 2). For an entity for which the mortality is reported to be as high as 25% to 40%, 15 this exceptionally good outcome is striking and seems to indicate that these form a separate subdivision of this disease.
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